Purpose: The antimicrobial peptide cathelicidin LL-37 plays a role in the immune response in the course of lung infections; however, the exact role of LL-37 in defense mechanisms against bacteria within the respiratory tract is has not been precisely described. The aim of our study was to evaluate LL-37 concentrations in the serum of pulmonary tuberculosis (TB) patients, patients with pneumonia caused by Gram-positive and Gram-negative bacteria and to compare them with those of healthy subjects.
The primary function of the immune system is to protect the host against various pathogens, including bacteria, viruses, and fungi. This system acts through mechanisms of innate immunity, involving different humoral factors (complement proteins, acute phase proteins, and some cytokines) and cells (neutrophils, monocytes, macrophages, NK cells, dendritic cells, and mast cells) as well as via mechanisms of adaptive immunity, in which an important role is played by B cells, different populations of T cells, and antibodies. More and more data indicate that some small amphipathic molecules called antimicrobial peptides (AMPs), (i.e., cathelicidins and defensins,) take part in both immune activation and regulation, and thus are involved in host defense against infections [1, 2] .
The only known member of the cathelicidin family expressed in humans is LL-37 (leucine-leucine-37). This peptide is expressed constitutively or is produced in response to different infectious or inflammatory stimuli in various cells, including neutrophils, monocytes, macrophages, mast cells, NK cells, B and T cells, adipocytes, keratinocytes, and mucosal epithelial cells. Cathelicidin LL-37 directly kills pathogens directly by disrupting their membranes, and it neutralizes the activity of bacterial endotoxins. In addition, there is increasing evidence that it exerts proinflammatory effects [3, 4] , as it acts as a chemoattractant for mast cells, neutrophils, monocytes, and T cells; it also activates inflammatory cells and modulates Toll-like receptors (TLRs) responses and proinflammatory cytokine release [1, 5, 6, 7] . In addition, LL-37 stimulates the production of various chemokines and increases the expression of some chemokine receptors [3, 4] . LL-37 has an ability to induce the expression of anti-apoptotic protein BcL-xl expression and inhibit caspase-3 activity. This results in the suppression of neutrophil apoptosis [8] , which extends the life-span of neutrophils and increases phagocytosis. Recently, it was shown that cathelicidin LL-37 up-regulates the autophagy-related gene expression in macrophages and induces autophagosome formation to promote killing of intracellular bacteria [9] . There is also information that LL-37 can influence the course of adaptive immune response [2] .
Cathelicidin LL-37 is generated by airway epithelial cells and immune cells that are resident in the respiratory tract; therefore, it contributes to the barrier function of intact respiratory epithelia and plays a role in lung immunity [10, 11] . This peptide is also known to play a role also in immune response in the course of lung infection [12] ; however, the exact role of LL-37 in the mechanisms of defense against bacteria within the respiratory tract is not precisely described. There is little data regarding this issue and existing data are unclear. The aim of our study was to evaluate circulating levels of LL-37 in patients with pulmonary infectious diseases caused by different pathogens (intracellular bacterium Mycobacterium tuberculosis (pulmonary tuberculosis (PTB)), Gram-positive or -negative bacteria species (pneumonia)) and to compare them with those of healthy subjects.
Methods

Study population
A total of 120 patients were enrolled in this study. All subjects included in the study were informed about the aims and methods of the study, and provided their written informed consent for participation. The study protocol was approved by the Bioethics Committee of the Medical University of Lodz. Adult patients with pneumonia symptoms or with suspected PTB were selected from the patients of the Lung Diseases Hospital in Lodz. All patients were subjected to an initial evaluation that included a clinical examination, radiological findings, basic laboratory blood tests including ALAT, AspAT, total bilirubin, urea, creatinine, glucose, sodium, potassium, C-reactive protein (CRP), white blood cell (WBC) count and microbiology standard laboratory methods. TB was diagnosed in accordance with guidelines of the World Health Organization regarding standard TB cases. Diagnosis of TB was based on tuberculin skin test (TST) positivity, history of contact with an active TB case, acid-fast bacilli and M. tuberculosis culture positivity. Criteria for exclusion from the study were as follows: taking antibiotics for last three months; taking immunosuppressive or antihistamine agents; chronic inflammatory diseases; systemic diseases; immunological disorders (AIDS, allergy); and, cancer.
Patients were divided into three clinical groups, according to the infectious agent and each of the groups consisted of 30 subjects. The groups were as follows: (I) subjects infected with M. tuberculosis; (II) subjects with pneumonia caused by Gram-positive bacteria (Staphylococcus aureus n=26, Streptococcus pneumoniae n=4); and, (III) subjects with pneumonia caused by Gram-negative bacteria (Haemophilus influenzae n=9, Escherichia coli n=12, Enterobacter cloacae n=3, Klebsiella pneumoniae n=3, Klebsiella oxytoca n=3. The control healthy subjects (IV) (n=30) had no history of TB and had not been hospitalized within the preceeding three months.
Measurement of serum LL-37 levels
Blood samples were obtained from all the patients before the commencement of the treatment and from the control subjects. Serum samples were prepared after centrifugation at Majewski et al. LL-37 in patients with infectious diseases 
Statistical analysis
The statistical analysis was performed using Statistica 12.5 (Statsoft Inc., USA). Simple descriptive statistics (means, standard error of the means) were generated for LL-37, WBC and CRP variables. Normality of distribution was tested with the Shapiro-Wilk test. Serum concentration of LL-37 and CRP as well as WBC count were compared with the use of the Mann-Whitney U test. The relationships between the serum concentrations of LL-37 and CRP in all groups were expressed as Spearman's correlation coefficients. P<0.05 was considered statistically significant.
Results
The demographic and clinical characteristics of the study subjects are given in Table 1 . In group I, the mean (± SEM) age was 53±3 years and the male/female ratio was 21/9 women. In the group II the mean age was 61±3 years and the male/female ratio was 19/11. In group III the mean age was 71±2 years and the male/female ratio was 19/11. In control group the mean age was 47±3 years and the male/female ratio was 18/12. Age and gender distributions were not statistically different between the groups. The levels of basic laboratory parameters, including AspAT, ALAT, total bilirubin, urea, creatinine, glucose, sodium and potassium in all groups were within normal ranges. The mean (±SEM) WBC counts were significantly higher in all studied groups, as compared with healthy controls (I vs IV -P=0.0000001; II vs IV -P=0.0000001; III vs IV -P=0.00001). Similarly, levels of CRP, an important inflammatory marker in TB patients, and in groups II and III were significantly higher than in healthy controls (I vs IV -P=0.0000001; II vs IV -P=0.000001; III vs IV -P=0.000001). Significantly higher levels of WBC and CRP in the patients with tuberculosis and pneumonia compared to the control group confirmed the ongoing infection.
The serum levels of LL-37 in groups I, II and III ranged from 0.35 to 118.19 ng/mL, from 0.04 to 107.92 ng/mL, and from 0.1 to 86.12 ng/mL, respectively (Figure 1) . In healthy subjects LL-37 concentration in serum varied greatly and ranged from 0.24 to 21.1 ng/mL. The mean (±SEM) serum LL-37 levels in groups I, II and III were 13.94±5.13 ng/mL, 7.87±4.58 ng/mL and 10.27±3.60 ng/mL, respectively. The mean concentration of LL-37 in healthy individuals was 1.75±0.71 ng/mL. There were no significant differences in mean serum LL-37 levels between groups II and IV (P=0.65434), between groups III and IV (P=0.32803) and between groups II and III (P=0.93568); however, the mean LL-37 concentration in group I was significantly higher than that in groups II (P=0.00077), III (P=0.00730) and IV (P=0.00004). Additionally, Spearman's correlation tests revealed no statistically significant correlations between LL-37 and CRP serum levels (P>0.05).
Discussion
It is obvious that the respiratory tract is particularly exposed to constant contact with different particulates and pathogens entering via inhalation and through nasal and oral mucosal surfaces; thus, the mechanisms of innate and adaptive immunity within the respiratory system are particularly important. Increasingly, cathelicidin LL-37, as well as other antimicrobial peptides such as defensins, have been shown to play a significant role during immune response within the respiratory system and is strongly involved in pathomechanism of many respiratory diseases [10, 11, 12] . Increased levels of LL-37 in bronchoalveolar lavage (BAL) fluid of patients with cystic fibrosis were noted. Moreover, cathelicidin concentrations were correlated with pulmonary inflammation and, thereby, disease severity [13] . In turn, circulating LL-37 levels in patients with interstitial lung disease connected with systemic sclerosis were remarkably lower than in both patients with systemic sclerosis without interstitial lung disease and in healthy subjects; consequently, it was suggested that lower LL-37 levels may be associated with the development of interstitial lung disease [14] . It was also noticed that serum cathelicidin LL-37 levels in children with post-infectious bronchiolitis obliterans were higher as compared with the control group [15] . Likewise, bronchiolitis obliterans syndrome in lung transplant recipients was associated with elevated levels of LL-37 in BAL [16] . Considering the proinflammatory effects of LL-37, it can be assumed that significantly higher levels of LL-37 may exacerbate inflammatory processes during bronchiolitis.
Cathelicidin LL-37 has a broad spectrum of antimicrobial activities against various microorganisms [3, 4] ; thus, it can play an important role in respiratory infectious diseases as well. Data relating to a role of this peptide in the course of infectious diseases within the respiratory tract are still scarce and ambiguous. It was shown that circulating levels of LL-37 are down-regulated during septic shock [17] . Conversely, neonates with congenital pneumonia demonstrated significantly higher serum levels of cathelicidin LL-37 [18] and newborn infants with pulmonary infections had elevated LL-37 concentrations in tracheal aspirates, as compared with healthy subjects [19] . Cakir et al. [20] observed significantly higher LL-37 levels in BAL of children with pulmonary tuberculosis in comparison with healthy children. Zhan and Jiang [21] observed elevated serum levels of this peptide in adult patients with pulmonary tuberculosis in comparison with healthy controls. The aim of this study was to analyze serum levels of cathelicidin LL-37 in adults with pneumonia caused by Gram-positive bacteria or Gram-negative bacteria, as well as in adult patients with active pulmonary tuberculosis. This is the first study comparing circulating levels of LL-37 in patients with pulmonary infection caused by different pathogens. The main finding is that pulmonary bacterial infections were associated with considerably elevated concentrations of LL-37 in serum. Interestingly, in comparison to healthy subjects and patients with pneumonia caused by Gram-positive and Gram-negative bacteria, patients with tuberculosis demonstrated statistically significant higher LL-37 levels. We also noted that serum levels of LL-37 in both patient groups with pneumonia were higher than the levels observed in the control group; however, the differences were not statistically significant.
Our observations are consistent with view that LL-37 plays a key role in defense against bacterial pathogens and that elevated expression of LL-37 enhances the protection against infective threats [19, 20, 21, 22, 23] . Furthermore, low baseline plasma levels of the antimicrobial peptide hCAP18, the precursor of LL-37, in patients undergoing hemodialysis has been found to be associated with an increased risk of death attributable to infection [24] . Likewise, Ong et al [25] indicated that decreased expression of antimicrobial peptides in the skin may account for susceptibility of patients with atopic dermatitis to skin infection with Staphylococcus aureus. Our findings, showing that serum level of LL-37 was significantly higher in patients infected with M. tuberculosis than in subjects with pneumonia reinforce the idea that this peptide is a key molecule for the regulation of tuberculosis during the primary infection [26] and could serve as a marker of increased immune activation in a chronic infectious process such as tuberculosis [27] .
In conclusion, our results suggest that cathelicidin LL-37 is an important element of a host's defense against bacterial diseases within the respiratory tract, particularly when the infection is caused by an intracellular pathogen.
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